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TITLE OF THE INVENTION 
STEP MOTOR 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

This invention generally relates to small-sized 
step motors that are capable of generating enough 
detent torques, and more particularly, to a drive 
mechanism in a camera that employs the-af orementioned 

10 step motor. 

2. Description of the Related Art 

In recent years, cameras have become electronics 
devices and shutters thereof are driven by the step 
motors. In this type of cameras, it is desirable to 

15 include a mechanism in which the battery consumption 
can be suppressed and a shutter blade or diaphragm 
blade can be retained even when the current does not 
flow. Therefore, Japanese Patent Application 
Publication No. 2001-61268 (hereinafter, referred to as 

20 Patent Document 1) , for example, proposes a step motor 
having a magnetic member that applies a lock force so 
that a rotor comes to a given position without swinging 
when the current does not flow through a coil. With 
such step motor, it is possible to stop the rotor at an 

25 accurate position at the time of stopping the motor and 
suppress the power consumption. In addition, Japanese 
Patent Application Publication No. 2003-21857 
(hereinafter, referred to as Patent Document 2) 
discloses an invention relating to a shutter for a 

30 digital camera and proposes a shutter mechanism, 

thereby the shutter can be left open or closed even 
while the current is not flowing and the power 
consumption is suppressed. 

The step motor disclosed in the afore-mentioned 

35 Patent Document 1 additionally includes the magnetic 
member to apply the lock force to the rotor. In 
addition, the motor used for the shutter disclosed in 
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the afore-mentioned Patent Document 2 is formed in such 
a manner that magnetic poles of the stator facing an 
outer circumferential surface of the magnet are formed 
to have a complicated comb-like shape. Hence, the 
5 motors described in the above-mentioned conventional 
technique additionally include a member or needs a 
complicated processing, resulting in problems such as a 
complex motor structure and increased manufacturing 
costs . 

10 

SUMMARY OF THE INVENTION 

The present invention has solved the above 
problems and has an object to provide a step motor by 
which a necessary detent torque is obtainable with a 

15 simple structure. The present invention intends to 

provide a drive mechanism of a camera having the afore- 
mentioned step motor. 

According to another aspect of the present 
invention, there is provided a step motor including a 

20 rotor having four magnetic poles; a first magnetic pole 
magnetically excited by a first coil; a second magnetic 
pole magnetically excited by a second coil; and a third 
magnetic pole magnetically excited by the first coil 
and the second coil. A gap D between the third 

25 magnetic pole and the rotor is larger than a gap d 

between the first magnetic pole and the rotor and the 
gap d between the second magnetic pole and the rotor, 
so that a magnetic attraction is generated between a 
pole of the rotor and the first magnetic pole and 

30 between another pole of the rotor and the second 
magnetic pole. 

According to the present invention, a strong 
magnetic attraction (magnetic coupling strength) is 
generated between the first magnetic pole and the rotor 

35 and between the second magnetic pole and the rotor, 
making it possible to obtaining a sufficient detent 
torque when the current does not flow through the coil. 
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This detent torque has a large magnitude because of two 
sets of magnetic attraction between the two magnetic 
poles provided on the stator and those on the rotor. 
Accordingly, with the step motor applied to a shutter 
5 driving mechanism of a camera, it is possible to surely 
retain the shutter state even while no current is 
flowing. Such step motor having a simple structure is 
capable of surely suppressing the power consumption, 
enabling to be provided as a low-cost and energy-saving 

10 step motor. 

According to another aspect of the present 
invention, preferably, there is provided a camera 
driving mechanism including the above-described step 
motor; an engagement pin that is connected to a rotor 

15 of the step motor and performs a turning motion within 
a given range; and an engagement hole that is engaged 
with the engagement pin and includes a sector that 
moves between a position to close an opening for image 
capturing and another position to open the opening for 

20 image capturing, in accordance with the turning motion 
of the engagement pin. This driving mechanism includes 
the step motor that can generate the above-described 
strong detent torque, enabling the sector to be 
retained in a desired state, even while the current is 

25 not flowing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention 
will be described in detail with reference to the 
30 following drawings, wherein: 

FIG. 1 is a view showing main components of a 
step motor in accordance with an embodiment; 

FIGs. 2A through 2E are views showing a case 
where a rotor of the step motor is rotated in a two- 
35 phase magnetically excited state in accordance with an 
embodiment; 

FIGs. 3A through 3E are views showing a case 
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where a rotor of the step motor is rotated in a 
clockwise direction in a one-phase magnetically excited 
state in accordance with an embodiment ; 

FIGs. 4A through 4E are views showing a case 
5 where a rotor of the step motor is rotated in a 

counterclockwise direction in a one-phase magnetically 
excited state in accordance with an embodiment; 

FIG . 5 is a view showing a stator having a 
preferred shape suitable for use in the step motor; 
10 FIG. 6 is a perspective view showing an 

appearance of a module having a structure of the step 
motor; 

FIG. 7A is a view schematically showing a plan 
view of the step motor arranged in a shutter substrate; 
15 FIG. 7B is a view showing a motion trajectory an 

engagement pin; 

FIG. 8 shows a fully open state of a lens opening 
for image capturing provided in a the substrate; 

FIG. 9 shows a fully closed state of the lens 
20 opening for image capturing provided in the substrate; 
and 

FIG. 10 is a view showing a state of small 
aperture of the lens opening for image capturing 
provided in the substrate. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A description will now be given, with reference 
to the accompanying drawings, of an embodiment of the 
present invention. FIG. 1 is a view showing main 

30 components of a step motor in accordance with an 

embodiment of the present invention. A step motor 1 
includes a rotor 2 and a stator 3, the rotor 2 being 
arranged in the center thereof and capable of rotating 
in both directions, the stator 3 being arranged to face 

35 an outer circumference of the rotor 2 . The rotor 2 has 
a cross-section of circle and has a shape of cylinder. 
The stator 3 is integrally formed to have a plan view 
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of substantially lateral U-shape, and is located in a 
state that the rotor 2 is housed in an internal space 
thereof. In addition, the step motor 1 is shown in 
FIG. 1 with an open end of the lateral U-shape facing 
5 upwardly. 

The rotor 2 includes four magnetic poles, which 
are composed of two North magnetic poles and two South 
magnetic poles. The rotor 2 is a permanent magnet 
magnetized in positions where the poles having same 

10 polarity face each other, and is rotatably provided in 
both directions around an axis 21. Both ends of the 
stator 3 having the above-mentioned lateral U-shape are 
formed to face a circumferential surface of the rotor 
2. The both ends are respectively a first magnetic 

15 pole 11 and a second magnetic pole 12. Also, a third 
magnetic pole 13 is arranged in an intermediate 
position of the first magnetic pole 11 and the second 
magnetic pole 12. 

A first coil 4 is wound between the first 

20 magnetic pole 11 and the third magnetic pole 13, and a 
second coil 5 is wound between the second magnetic pole 
12 and the third magnetic pole 13. The first magnetic 
pole 11 is magnetically excited when a current flows 
through the first coil 4, and the second magnetic pole 

25 12 is magnetically excited when a current flows through 
the second coil 5. In contrast, the third magnetic 
pole 13 is magnetically excited by both the first coil 
4 and the second coil 5. Accordingly, a magnetically 
excited state of the third magnetic pole 13 is shown as 

30 a combination of current-flowing states of the first 
coil 4 and the second coil 5. 

FIG. 1 shows a current control circuit 25, which 
is indicated as a dotted line and connected to the 
first coil 4 and the second coil 5 of the step motor 1. 

35 In accordance with the present embodiment, the current 
control circuit 25 supplies the current to magnetically 
excite the first coil 4 and the second coil 5. Such 
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supplied current includes two patterns that have been 
set. In a first pattern, the current is supplied from 
the current control circuit 25 to magnetically excite 
both the first coil 4 and the second coil 5, and a 
5 drive state of the rotor 2 is controlled by changing a 
current supply direction in each coil. In the first 
pattern, there are two state: one state is that the 
first magnetic pole 11 and the second magnetic pole 12 
are magnetically excited to have a same magnetic 

10 polarity and the other state is that the first magnetic 
pole 11 and the second magnetic pole 12 are 
magnetically excited to respectively have different 
types of magnetic polarity. At this time, if the first 
magnetic pole 11 and the second magnetic pole 12 are 

15 magnetically excited to have the same magnetic 

polarity, which results in that the third magnetic pole 
13 sets up a stronger magnetic field than those of the 
afore-mentioned magnetic poles. On the contrary, if 
the first magnetic pole 11 and the second magnetic pole 

20 12 are magnetically excited to respectively have 

different types of magnetic polarity, magnetization in 
the third magnetic pole 13 is cancelled each other, 
resulting in a non-magnetization state. 

In a second pattern, the current is supplied from 

25 the current control circuit 25 to magnetically excite 
either the first coil 4 or the second coil 5, and the 
drive state of the rotor 2 is controlled by changing 
the current supply direction. In the second pattern, 
only either the first magnetic pole 11 or the second 

30 magnetic pole 12 is magnetically excited, and it is 
changed to have an opposite magnetic polarity by 
changing the current supply direction. In the second 
pattern, the third magnetic pole 13 is magnetically 
excited to have an opposite polarity of those of the 

35 first magnetic pole 11 and the second magnetic pole 12 
that has been magnetically excited. 

In the first pattern, the drive of the rotor 2 is 
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controlled by a two-phase magnetically excited state in 
which the first coil 4 and the second coil 5 are 
magnetically excited. On the other hand, in the second 
pattern, the drive of the rotor 2 is controlled by a 
5 one-phase magnetically excited state in which only 
either of the first coil 4 or the second coil 5 is 
magnetically excited. A description will be given 
later in detail, with reference to the drawings, of 
rotation states of the rotor 2 in the first pattern and 

10 in the second pattern. 

By the way, the step motor 1 includes the rotor 2 
having four magnetic poles, and is configured to obtain 
a sufficient detent torque with no currents flowing 
through the first coil 4 and the second coil 5. This 

15 point will be described. In the step motor 1, a gap d 
is configured to be a distance between the 
circumferential surface of the rotor 2 and the first 
magnetic pole 11, and the gap d is also configured to 
be a distance between the circumferential surface of 

20 the rotor 2 and the second magnetic pole 12. The gap d 
is configured to be narrow so that a sufficient 
magnetic attraction is obtainable with the magnetic 
poles on the rotor 2. In contrast, a gap D is a 
distance between the circumferential surface of the 

25 rotor 2 and the third magnetic pole 13, and is 

configured to be larger than the gap d. The gap D is 
configured to have a sufficient distance in such a 
manner that the magnetic attraction generated between 
the third magnetic pole 13 and the rotor 2 does not 

30 affect the magnetic attraction generated between the 
first magnetic pole 11 and the rotor 2 and that 
generated between the second magnetic pole 12 and the 
rotor 2. For example, the gap D is configured 
approximately 1.3 times as long as the gap d. 

35 With the afore-mentioned configuration, it is 

realized that the first magnetic pole 11 and the second 
magnetic pole 12 respectively attract two magnetic 
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poles on the rotor 2 intensely and the third magnetic 
pole 13 does not disturb this magnetic relationship. 
Therefore, while the current is not flowing, as 
exemplified in FIG. 1, the two magnetic poles on the 
5 rotor 2 become stable on positions accurately facing 

the first magnetic pole 11 and the second magnetic pole 
12 respectively. In the step motor 1, there are two 
places (twp sets) that magnetically attract each other 
while there is no current, making it possible to obtain 

10 a strong detent torque. Accordingly, the step motor 1 
is capable of stably retaining the rotor at a given 
position with no current flowing, and is suitable for 
use in, for example, a shutter driving mechanism of a 
camera to stably retain the shutter or the like in a 

15 desirable state. 

Hereinafter, a description will be given of, with 
reference to FIG. 2A through FIG. 4E, the rotation of 
the rotor 2 in the step motor 1. FIGs. 2A through 2E 
show the above-described first current supply pattern, 

20 and the rotor 2 is rotated by the two-phase 

magnetically excited state that excites the first coil 
4 and the second coil 5. FIG. 3A through FIG. 4E show 
the above-described second pattern, and the rotor 2 is 
rotated by a one-phase magnetically excited state that 

25 excites only either the first coil 4 or the second coil 
5. In particular, FIG. 3A through Fig. 3E show a case 
where the first coil 4 is magnetically excited, and 
FIG. 4A through FIG. 4E show a case where the second 
coil 5 is magnetically excited. The current is 

30 supplied to the coils 4 and 5 shown in FIG. 2A through 
FIG. 4E by the current control circuit 25 shown in FIG. 
1, yet it is not shown in these drawings. In addition, 
FIG. 3A through FIG. 4E show only coils through which 
the current is flown to facilitate the understanding. 

35 Referring to FIG. 2A through FIG. 2E, a 

description will be given of how the rotor 2 of the 
step motor 1 rotates. FIG. 2A through FIG. 2E show the 
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above-mentioned first pattern, and also shows a case 
where the first coil 4 and the second coil 5 are 
magnetically excited to rotate the rotor 2 in a 
clockwise direction (in a right-hand direction) at a 
5 step angle of 45°. In FIG. 2A, there is no current 

flowing through the coils 4 and 5. In FIG. 2B through 
FIG. 2E, the current is controlled to supply to the 
coils 4 and 5 and rotate the rotor 2 in a clockwise 
direction in a time-series manner. In FIG. 2A, the 

10 current does not flow through the coils 4 and 5, and 

the first magnetic pole 11 and the second magnetic pole 
12 are not excited, yet South magnetic pole and North 
magnetic pole of the rotor 2 are respectively retained 
on the positions that face the first magnetic pole 11 

15 and the second magnetic pole 12 with a strong detent 
torque, as described above. 

In FIG. 2B, the current flows through the first 
coil 4 and the second coil 5 from the state shown in 
FIG. 2A, and both the first magnetic pole 11 and the 

20 second magnetic pole 12 are magnetically excited to be 
South magnetic pole. At this time, the magnitude of 
North magnetic pole is doubled and excited in the third 
magnetic pole 13. Next, in FIG. 2C, the excitation 
state in the first magnetic pole 11 is retained in 

25 South magnetic pole from the state shown in FIG. 2B, 

and the second magnetic pole 12 is magnetically excited 
to be reversed to North magnetic pole. At this time, 
North magnetic pole and South magnetic pole are 
magnetically excited and cancelled each other, 

30 resulting in no magnetization in the third magnetic 
pole 13. In the same manner, in FIG. 2D, the first 
magnetic pole 11 and the second magnetic pole 12 are 
both magnetically excited to be North magnetic pole 
from the state shown in FIG. 2C. At this time, the 

35 magnitude of North magnetic pole is doubled and excited 
in the third magnetic pole 13. Next, in FIG. 2E, the 
excitation state in the first magnetic pole 11 is 
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retained in North magnetic pole from the state shown in 
FIG. 2D, and the second magnetic pole 12 is 
magnetically excited to be opposite, namely, to be 
South magnetic pole. At this time, North magnetic pole 
5 and South magnetic pole are magnetically excited and 
cancelled each other, resulting in no magnetization in 
the third magnetic pole 13. 

As described, the rotor 2 is rotated in a 
clockwise direction in steps of 45° as shown in the 

10 drawings, as the magnetization state gradually changes 
in the magnetic poles 11 through 13 in the stator 3. 
Here, the respective drawings of FIG. 2 show that the 
current flows through the first coil 4 and the second 
coil 5 and the rotor 2 is located in a position where a 

15 rotation of 45° is completed. In FIG. 2A through FIG. 
2E, of particular note is FIG. 2A showing the state in 
which no current is flowing. In the step motor 1, the 
gaps d between the first magnetic pole 11 and the rotor 
2 and between the second magnetic pole 12 and the rotor 

20 2 are formed narrow, thereby generating strong magnetic 
attractions respectively between the first magnetic 
pole 11 and the rotor 2 and the second magnetic pole 12 
and the rotor 2. Thus, the detent torque enables the 
state shown in FIG. 2A to be surely retained even while 

25 the current is not flowing. 

In addition, in the stats shown in FIG. 2C and 
FIG. 2E, the first magnetic pole 11 and the second 
magnetic pole 12 are magnetically excited, yet the two 
magnetic poles on the rotor 2 accurately face the first 

30 magnetic pole 11 and the second magnetic pole 12 

respectively. Even if the currents flowing through the 
coils 4 and 5 are blocked, the afore-mentioned states 
can be retained by the detent torque, same as the case 
shown in FIG. 2A. Here, the position of the rotor 2 is 

35 same as that shown in FIG. 2A. Accordingly, when the 

currents flowing through the coils 4 and 5 are blocked 
in the state shown in FIG. 2E, the state becomes that 
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shown in FIG. 2A. 

FIG. 3A through FIG. 3E show the above-mentioned 
second current supply pattern, and also show a case 
where only the first coil 4 is magnetically excited in 
5 a one-phase magnetically excited state to rotate the 
rotor 2 in a clockwise direction (in a right-hand 
direction) at a step angle of 90°. In FIG. 3A, there 
are no currents flowing across the coils 4 and 5. In 
FIG. 3B through FIG. 3E, the current is controlled to 

10 supply to the coil 4 to rotate the rotor 2 in a 

clockwise direction in steps of 90° in a time-series 
manner. In FIG. 3A through FIG. 3E, a polarity of the 
first magnetic pole 11 is reversed by reversing the 
current direction supplied to the first coil 4 . At 

15 this time, the polarity of the third magnetic pole 13 
is an opposite one of the first magnetic pole. In 
addition, the second magnetic pole 12 is not 
magnetically excited from the coil, and has the same 
polarity as that of the third magnetic pole 13. 

20 First, in FIG. 3A, the first magnetic pole 11 and 

the second magnetic pole 12 are not magnetically 
excited, and South magnetic pole and North magnetic 
pole of the rotor 2 are respectively arranged to face 
the first magnetic pole 11 and the second magnetic pole 

25 12 by a strong detent torque, same as shown in FIG. 2A. 
In FIG. 3B, next, the current flows across the first 
coil 4 from the state of FIG. 3A, and the first 
magnetic pole 11 is magnetically excited to be South 
magnetic pole. At this time, the third magnetic pole 

30 13 and the second magnetic pole 12 are magnetically 

excited to be North magnetic pole. In FIG. 3C, which 
is subsequently shown, the first magnetic pole 11 is 
changed to be North magnetic pole in the magnetically 
excited state from the state shown in FIG. 3B, and the 

35 third magnetic pole 13 and the second magnetic pole 12 
are magnetically excited to be reversed to South 
magnetic poles. In the same manner, in FIG. 3D, the 
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first magnetic pole 11 is magnetically excited to be 
South magnetic pole from the state shown in FIG. 3C. 
At this time, the third magnetic pole 13 and the second 
magnetic pole 12 are magnetically excited to be North 
magnetic poles. In FIG. 3E, next, the first magnetic 
pole 11 is changed to be North magnetic pole from the 
state shown in FIG. 3D, and the third magnetic pole 13 
and the second magnetic pole 12 are magnetically 
excited to be opposite, namely, to be South magnetic 
pole . 

As described above, the rotor 2 is rotated in a 
clockwise direction in steps of 90° as shown, as the 
magnetization states gradually change in the magnetic 
poles 11 through 13 in the stator 3. Here, the 
respective drawings of FIG. 3A through FIG. 3E show 
that the current flows through the first coil 4 and the 
rotor 2 is located in a position where the rotation of 
90° is completed. In a one-phase magnetically excited 
state shown in FIG. 3A through FIG. 3E, two magnetic 
fields on the rotor 2 accurately face the first 
magnetic pole 11 and the second magnetic pole 12 
respectively, in all states shown in FIG. 3A through 
FIG. 3E. Accordingly, even if the current flowing 
through the coil 4 is blocked in FIG. 3B through FIG. 
3E, the afore-mentioned state can be retained by the 
detent torque, same as shown in FIG. 3A. Here, the 
example shown in FIG. 3A through FIG. 3E exhibits a 
remarkable advantage that the rotor 2 can be rotated in 
steps of 90° in a clockwise direction with the second 
coil 5 being in a halting state. 

Further, FIG. 4A through FIG. 4E show the above- 
mentioned second current supply pattern, and also shows 
a case where only the second coil 5 is magnetically 
excited in a one-phase magnetically excited state to 
rotate the rotor 2 in a counterclockwise direction at a 
step angle of 90°. FIG. 4A through FIG. 4E show 
accurately reverse operations of those in FIG. 3A 
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through FIG. 3E. Also in FIG. 4A through FIG. 4E, the 
rotor 2 is rotated in a counterclockwise direction in 
steps of 90° as shown in the drawings, as the 
magnetization conditions gradually change in the 
5 magnetic poles 11 through 13 in the stator 3. 

Additionally, also as shown in FIG. 4A through FIG. 4E, 
two magnetic fields on the rotor 2 accurately face the 
first magnetic pole 11 and the second magnetic pole 12 
respectively, in all states shown in FIG. 4A through 

10 FIG. 4E. Accordingly, even if the current flowing 
through the coil 5 is blocked, the state can be 
retained by the detent torque. 

As described above, the step motor 1 has a 
structure in which a strong detent torque is obtainable 

15 even while the currents aire not flowing through the 
coils 4 and 5, on the basis of the configuration in 
which the strong magnetic attraction is generated 
respectively between the first magnetic pole 11 and the 
rotor 2 and between the second magnetic pole 12 and the 

20 rotor 2. Also as described heretofore, the detent 

torque is obtainable in the same manner in either case 
where the step angle is set to 45° in a two-phase 
magnetically excited state or where the step angle is 
set to 90° in a one-phase magnetically excited state. 

25 FIG. 5A through FIG. 5E are views showing a 

stator having a preferable shape suitable for use in 
the step motor 1. In FIG. 5A through FIG. 5E, the same 
components and configurations as those of FIG. 1 
through FIG. 2E have the same reference numerals. The 

30 first magnetic pole 11 and the second magnetic pole 12 
of the stator 3 are configured to face the 
circumferential surface of the rotor, not shown, and to 
be formed into a shape having a vertically longer side 
to correspond to the longer side of the rotor. The 

35 stator 3 includes arms 31 and 32 on both sides, and the 
arms 31 and 32 are connected to a base 35. The third 
magnetic pole 13 is formed in the center of the base 



- 13 - 



35. The third magnetic pole 13 is also formed to have 
a shape having a vertically longer side, same as those 
of the first magnetic pole 11 and the second magnetic 
pole 12. 

5 The stator 3 includes the arms 31 and 32, around 

which the coils 4 and 5 are wound for magnetically 
exciting the first through third magnetic poles. To 
position the coils 4 and 5, projections 33 and 34 are 
provided on back ends of the arms. Such provided 

10 projections 33 and 34 are capable of. realizing the 
structure, in which the coils 4 and 5 respectively 
wound around the arms 31 and 32 can be surely 
positioned. In addition, indentations 37 through 39 
are formed on tops of the magnetic poles 11 through 13. 

15 The step motor 1 in accordance with the present 

embodiment is incorporated into a module together with 
upper and lower cases. The indentations 37 through 39 
are for use in positioning the case to be set. 
FIG. 6 is a perspective view showing an 

20 appearance of the step motor 1, which is incorporated 
into a module with main components thereof. Also in 
FIG. 6, the same components and configurations as those 
of FIG. 1 through FIG. 2E have the same reference 
numerals. FIG. 6 shows a module in which an upper case 

25 7 and a lower case 8 are set together with the main 

components from top and bottom. When such step motor 
module is employed for the shutter driving mechanism of 
a camera, a strong detent torque works while the 
current is not flowing. Thus, the shutter can be 

30 retained stably in a given state. This eliminates the 
necessity of the current flowing through the coil to 
retain the state of the shutter, making it possible to 
provide the step motor having the purpose of energy 
saving. In addition, the step motor has a simple 

35 structure in which the distances in arrangement between 
the rotor and the magnetic poles of the stator are 
changed, enabling the step motor to be realized at a 
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low cost. 

Furthermore, a description will be given, with 
reference to FIG. 7A through FIG. 10, of an example of 
a driving mechanism in which the above-mentioned step 
5 motor 1 is employed for a shutter driving portion. 

FIG. 7A is a view schematically showing a plan view of 
the step motor 1 arranged in a shutter substrate 50. 
The shutter substrate 50 includes a lens opening 51 for 
image capture, as will be described below. Three 

10 sectors 60, 65, and 70 are arranged on the side of a 

front surface of the shutter substrate 50 along a face 
of the substrate 50. These sectors are, sequentially 
from the side of the shutter substrate 50, the first 
shutter blade 60, the second shutter blade 65, and the 

15 diaphragm blade 70. The step motor 1 is arranged on 

the side of a back surface of the shutter substrate 50. 

In FIG. 7A, positions of holes cannot be 
confirmed, yet the fist shutter blade 60 has a hole 
engaged with a protrusion 61 provided on the substrate 

20 50 and another hole engaged with an engagement pin 27 

that extends from the rotor 2. In the same manner, the 
second shutter blade 65 has a hole engaged with a 
protrusion 66 provided on the substrate 50 and another 
hole engaged with the engagement pin 27 that extends 

25 from the rotor 2. In addition, the diaphragm blade 70 
has a hole engaged with a protrusion 71 provided on the 
substrate 50 and another hole engaged with the 
engagement pin 27 that extends from the rotor 2. The 
afore-mentioned first shutter blade 60, the second 

30 shutter blade 65, and the diaphragm blade 70 swing 
while respectively drawing their own trajectories, 
according to a turning motion of the engagement pin 27, 
as will be described later. FIG. 8 through FIG. 10 
will illustrate the positions of the holes provided on 

35 the blades 60, 65, and 70 and the motions thereof. 

An arm 26, which radially extends, is connected 
to the rotor 2 arranged on the side of the back surface 
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of the substrate 50 in the step motor 1. The 
engagement pin 27 is connected to an end of the arm 26, 
and extends to an opposite side through an opening 55 
provided in the shutter substrate 50. The engagement 
5 pin 27 that protrudes on the side of the front surface 
is engaged with the holes respectively provided on the 
first shutter blade 60, the second shutter blade 65, 
and the diaphragm blade 70. Therefore, when the rotor 
2 in the step motor 1 turns, the engagement pin 27 

10 turns in conjunction with the motion thereof, and 

further, the first shutter blade 60, the second shutter 
blade 65, and the diaphragm blade 70 swing in given 
trajectories . 

FIG. 7B is a view showing a motion trajectory CR 

15 of the engagement pin 27. The engagement pin 27 is 
rotatable at 360° in accordance with the rotation of 
the rotor 2, whereas the opening 55 formed in the 
substrate 50 has a fan shape and members 29 are 
provided for regulating a movement of the arm 26. 

20 Therefore, in the present example, the engagement pin 
27 is configured to turn within a given range RE. The 
range RE is set to have, for example, a center angle of 
approximately 120° . 

A description will be given of, with reference to 

25 FIG. 8 through FIG. 10, of the shutter driving 

mechanism with the above-described configuration. Each 
of these drawings shows the first shutter blade 60, the 
second shutter blade 65, and the diaphragm blade 70 
that change positions thereof, viewing from the side of 

30 the front surface of the shutter substrate 50. The 

step motor 1 is shown on upper sides of the drawings to 
confirm the rotating states of the rotor 2. 

FIG. 8 shows a fully open state of the lens 
opening 51 for image capture, which is provided in the 

35 substrate 50. A code CR shown in FIG. 8 corresponds to 
that shown in FIG. 7B. At this time, the rotor 2 of 
the step motor 1 has a rotation angle of 0°, and is 
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stopped in a position, for example, slightly closer to 
that shown in FIG. 2B than that shown in FIG. 2A. 
South magnetic pole and North magnetic pole of the 
rotor 2 are retained in the states in which they are 
5 moving to the positions that face the first and second 
magnetic poles 11 and 12, yet are regulated by the 
regulation member 29. Hence, this shutter state is 
retainable even while the currents are not flowing 
through the coils 4 and 5 in the state shown in FIG. 8. 

10 A state retaining force based on the detent torque is 
strong enough to surely retain the shutter state, even 
if a slight impact is applied onto the camera. Here, 
FIG. 8 shows a hole 62 engaged with the protrusion 61 
provided on the first shutter blade 60, the hole 67 fit 

15 by the protrusion 66 provided on the second shutter 

blade 65, and the hole 72 engaged with the protrusion 
71 provided on the diaphragm blade 70. As an 
engagement hole that is engaged with the engagement pin 
27 , an engagement hole 73 can be confirmed in the 

20 diaphragm blade 70 on a near side. 

The rotor 2 of the step motor 1 shown on an upper 
side of FIG. 8 is slightly (approximately 25° in 
accordance with the present embodiment) shifted in a 
clockwise direction from the position of the rotor 2 in 

25 which no current flows, as shown in FIG. 2A. In the 
driving mechanism, positional relationships of the 
engagement pin 27 and the regulation members 29 (with 
reference to FIG. 7B) are configured so as to set up 
such shift in positions. With such configuration, the 

30 respective magnetic poles on the rotor 2 always intend 
to move to the positions that face the first and second 
magnetic poles 11 and 12, enabling the detent torque to 
be generated constantly. Accordingly, the respective 
blades 60, 65, and 70 can be retained stably in given 

35 positions by the detent torque. 

FIG. 9 shows a fully closed state of the lens 
opening 51 for image capture, which is provided in the 
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substrate 50. FIG. 9 shows a state in which the rotor 
2 is rotated approximately 65° in a clockwise direction 
from the state shown in FIG. 8, and the engagement pin 
27 rotates in conjunction therewith. The first shutter 
5 blade 60, the second shutter blade 65, and the 

diaphragm blade 70 swing while respectively drawing 
their own trajectories, according to the turning motion 
of the engagement pin 27. Then, the lens opening 51 is 
closed by the first shutter blade 60 and the second 

10 shutter blade 65. At this time, the rotor 2 of the 
step motor 1 rotates in a clockwise direction, and 
corresponds to the state of FIG. 2C, for example. In 
FIG. 9, North and South magnetic poles of the rotor 2 
are respectively retained in the positions by the 

15 detent torque to accurately face the first and second 
magnetic poles 11 and 12 respectively. Hence, the 
shutter can be retained in this closed state, even if 
the currents flowing through the coils 4 and 5 are 
blocked in the state shown in FIG. 9. This state 

20 retaining force is strong enough to surely retain the 
shutter state, even if a slight impact is applied onto 
the camera. 

FIG. 10 is a view showing a state of small 
aperture in which the diaphragm blade is positioned in 

25 the lens opening 51 for image capture, which is 

provided in the substrate 50. In FIG. 10, the rotor 2 
further rotates in a clockwise direction from the state 
shown in FIG. 9, and the current has been flown twice 
as shown in FIG. 2E subsequent to FIG. 2D. The 

30 engagement pin 27 turns in conjunction therewith. The 
first shutter blade 60, the second shutter blade 65, 
and the diaphragm blade 70 swing while respectively 
drawing their own trajectories, according to the 
turning motion of the engagement pin 27. Then, the 

35 first shutter blade 60 and the second shutter blade 65 
are moved away to positions that open the lens opening 
51, and instead, the diaphragm blade 70 comes to a 



- 18 - 



position to close the lens opening 51. The diaphragm 
blade 70 is equipped with a diaphragm opening 75, 
allowing the lens opening 51 to realize a state of 
small aperture. At this time, the rotor 2 of the step 
5 motor 1 rotates in a clockwise direction, and is 

stopped in a position, for example, slightly closer to 
that shown in FIG. 2D than that shown in FIG. 2E by the 
regulation member 29. In FIG . 10, the position of the 
rotor 2 with no current flowing is slightly shifted in 

10 a counterclockwise direction, same as shown in FIG. 8. 
The positions of the respective blades can be retained 
also in the state shown in FIG. 10, even if the 
currents flowing through the coils 4 and 5 are blocked, 
enabling the small aperture to be retained- The 

15 current may be flown once as shown in FIG. 2C, to 

return to the state shown in FIG. 9 from that shown in 
FIG. 10. The current may be flown once as shown in 
FIG. 2C, to move to the state shown in FIG. 9 from that 
shown in FIG. 8 or FIG. 10. However, the current may 

20 be flown twice as shown in FIG. 2A subsequent to FIG. 

2B to move to the state shown in FIG. 8 from that shown 
in FIG. 9. The current may be flown twice as shown in 
FIG. 2E subsequent to FIG. 2D to move to the state 
shown in FIG. 10 from that shown in FIG. 9, as 

25 described above. 

As described heretofore, the shutter driving 
mechanism that employs the above-mentioned step motor 1 
is capable of retaining the fully open state, the fully 
closed state, and the small aperture state, as shown in 

30 FIG. 8 through FIG. 10, even when no current flows. 
This makes it possible to provide the mechanism in 
which energy saving is realized. The shutter driving 
mechanism as discussed heretofore has exemplified the 
step motor that drives two shutter blades and one 

35 diaphragm blade, yet is not limited to this embodiment 
and the number of the shutter blades and that of the 
diaphragm blades may be changed as necessary. 



- 19 - 



The afore-mentioned rotor may have a shape of 
cylinder; a stator having a plan view of substantially 
lateral U-shape is arranged to face a circumferential 
surface of the rotor; the first magnetic pole and the 
5 second magnetic pole are provided on both ends of the 
stator; and the third magnetic pole is provided in the 
center of the stator. In addition, preferably, in the 
afore-mentioned step motor, the first coil is provided 
between the first magnetic pole and the third magnetic 

10 pole and the second coil is provided between the second 
magnetic pole and the third magnetic pole; and the 
stator includes protrusions for preventing displacement 
of the first coil and the second coil. With such 
configuration, the first coil and the second coil can 

15 be surely positioned in given positions. 

The sector may include a shutter blade and a 
diaphragm blade. By combining theses blades as 
necessary, a fully open state, fully closed state, and 
a state for small aperture can be set for the opening 

20 for image capturing provided on a shutter substrate. 
In addition, the shutter state can be retained while 
there is not current flowing. 

According to the present invention, a strong 
magnetic attraction is generated between the first 

25 magnetic pole and the second magnetic pole on the 

stator and the rotor, making it possible to provide the 
step motor that can generate a sufficient detent torque 
on the rotor when there is not current flowing through 
the coil. Such step motor has a simple structure and 

30 can suppress the power consumption surely, and can be 
provided as a low-cost and energy-saving one. 

The present invention is not limited to the 
above-mentioned embodiments, and other embodiments, 
variations and modifications may be made without 

35 departing from the scope of the present invention. 
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